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Abstrak 
 
Pembuatan etanol fuel grade dengan proses reaksi simultan sakarifikasi 
dan fermentasi (SSF) biji sorgum (sorghum bicolor L. Moencl) dengan enzim 
glukoamilase (aspergillus niger) dan yeast (saccharomyces cerevisiae). 
Pengeringan etanol menggunakan  metode adsorpsi  kolom unggun tetap dengan 
adsorbent silica gel dan CaO.  Penelitian ini bertujuan untuk mengetahui kinetika 
reaksi SSF dan karakterisasi Ethanol Fuel Grade yang dihasilkan dengan proses 
adsorpsi kolom unggun tetap dengan adsorbent silica gel dan CaO. 
Reaksi SSF dilakukan setelah proses likuifikasi dimana  sorghum,larutan 
aliquot dan enzim alpha-amylase pada pH 6,9 dipanaskan  pada suhu 85 OC 
selama 1.5 jam. Pada SSF, hasil proses likuifikasi kemudian didinginkan sampai 
suhu 55 OC dan pH  4,5 setelah itu ditambahan larutan stater dan enzim 
glukoamilase.  Substrat  direaksikan dalam erlenmeyer  anaerob yang terendam 
dalam shaker bath. Proses SSF dijaga pada temperatur  30OC selama 10 jam.  
Proses pengeringan  diawali dengan pemurnian etanol melalui destilasi 
hingga kadar ±95% dilanjutkan pengeringan menggunakan adsorber kolom 
unggun tetap dengan bahan isian Silica gel dan CaO. Kolom adsorber terdiri 
tabung adsorber (D= 3,8cm;H= 40cm) dengan dengan jaket pemanas. Etanol  
diuapkan pada temperatur ± 80ºC. Uap etanol kemudian dialirkan ke dalam 
kolom unggun tetap yang berisi adsorbent (±200gr) yang telah dikeringkan. 
Pengeringan etanol dijalankan selama 90 menit. Uap etanol keluaran 
diembunkan menjadi etanol cair melalui kondenser. Dari penelitian ini dapat 
pada reaksi SSF dengan kisaran enzim glukoamilase 4 ml, 8 ml, 10 ml, dan 12 ml 
untuk konsentrasi substrat 12 %, didapatkan kondisi optimum yaitu menggunakan 
konsentrasi enzim glukoamilase 8 ml. Pada penelitian diperoleh konstanta 
Michaelis-Menten (Km) untuk konsentrasi substrat 12 % dan enzim glukoamilase 
8 ml adalah 11,6875 gr/l.jam dan laju reaksi maksimum (Vmax) 12,5 
gr/l.jam.Pada proses pengeringan didapatkan kondisi terbaik pada berat 
adsorben 200 gram laju alir uap etanol 0.1667 ml/s dan menit ke 25dengan 
konsentrasi etanol 99,7 %..  
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Abstract 
 
Production of fuel grade ethanol by simultaneous reaction of 
saccharification and fermentation (SSF), from grain sorghum (sorghum bicolor L. 
Moencl) with glucoamylase (aspergillus niger) and yeast (Saccharomyces 
cerevisiae). Drying ethanol using fixed bed adsorption column with silica gel 
adsorbent and CaO. This study aims to determine the reaction kinetics of SSF and 
characterization of Fuel Grade Ethanol is produced by fixed bed adsorption 
column with silica gel and CaO adsorbent. 
SSF reaction was performed after liquefaction process in which sorghum flour, 
solution aliquot and enzyme alpha-amylase reacted at pH 6.9 and temperature of 
85 OC for 1.5 hours. In SSF, the liquefaction process and then cooled to a 
temperature 55 OC and pH 4.5 solution is then added stater (yeast and nutrient) 
and glucoamylase. Substrate reacted in a submerged anaerobic erlenmeyer in 
shaker bath. SSF process is maintained at a temperature of 30OC for 10 hours 
Ethanol fermentation results will be separated from the water content up to a 
maximum rate = 95% azeotrope by distillation. The next process ethanol drying 
process to obtain ethanol with purity> 99%.  
Ethanol fermentation results will be separated from the water content up 
to a maximum rate = 95% azeotrope by distillation. The next process ethanol 
drying process to obtain ethanol with purity> 99%. Drying ethanol using a fixed 
bed adsorber column with Silica gel and CaO as adsorbent. Adsorber column 
comprises a tube adsorber (D = 3.8 cm, H = 40cm) with a jacket heater, ethanol 
bait container, heater and condenser. Ethanol is first evaporated at a temperature 
of 80 º C. Ethanol vapor and then flowed into the fixed bed column containing the 
adsorbent (200gr) which has been dried. Ethanol drying process carried out for 
90 minutes. Ethanol vapour coming out of the adsorber column condensed into 
liquid ethanol in the condenser.  
SSF reaction in this research using a range of glucoamylase 4 ml, 8 ml, 10 
ml, and 12 ml, with 12% substrate concentration, the optimum condition is 
obtained using a concentration of 8 ml of glucoamylase. In the study obtained by 
Michaelis-Menten constant (Km) for substrate concentrations of 12% and 8 ml of 
glucoamylase is 11.6875 g / l.jam and maximum reaction rate (Vmax) 12.5 gr / 
l.jam.Pada drying process obtained conditions The best on the weight of 200 
grams of adsorbent. Ethanol vapor flow rate 0.1667 ml / s and contact time of 25 
minutes with ethanol concentrations of 99.7%. 
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